We present a catalogue of 247 photometrically and spectroscopically confirmed fainter classical Be stars (13 r 16) in the direction of the Perseus Arm of the Milky Way (−1 • < b < +4 • , 120 • < ℓ < 140 • ). The catalogue consists of 181 IPHAS-selected new classical Be stars, in addition to 66 objects that were studied by Raddi et al. (2013) more closely, and 3 stars identified as classical Be stars in earlier work. This study more than doubles the number known in the region. Photometry spanning 0.6 to 5 µm, spectral types, and interstellar reddenings are given for each object. The spectral types were determined from low-resolution spectra (λ / ∆ λ ≈ 800-2000), to a precision of 1-3 subtypes. The interstellar reddenings are derived from the (r − i) colour, using a method that corrects for circumstellar disc emission. The colour excesses obtained range from E(B − V ) = 0.3 up to 1.6 -a distribution that modestly extends the range reported in the literature for Perseus-Arm open clusters. For around half the sample, the reddenings obtained are compatible with measures of the total sightline Galactic extinction. Many of these are likely to lie well beyond the Perseus Arm.
INTRODUCTION
The first classical Be star to be classified was γ Cas, identified by Father Angelo Secchi almost 150 years ago. Secchi described it as showing a particularly curious bright line -in that case, Hβ -as opposed to the dark lines observed in the spectra of stars with similar colours (Secchi 1866) . Presently, the family of classical Be stars numbers over 2000 known members in the all-sky Be Star Spectra database (BeSS 1 , Neiner et al. 2011) .
Following the original definition given by Collins (1987) , classical Be stars are non-supergiant early-type stars whose spectra have, or have had at some time, one or more Balmer lines in emission (Porter & Rivinius 2003) . They do not present forbidden emission lines in their spectra. They are also characterised by excess continuum emission at ultraviolet (UV), optical, and infrared (IR) wavelengths (e.g. see Dachs, Kiehling & Engels 1988 , Kaiser 1989 Zorec & Briot 1991; Dougherty et al. 1994) . The presence of dense and hot (n e ≈ 10 12 cm −3 , T e ≈ 10000 K) circumstellar decretion discs is the cause of the observed freefree and free-bound optically-thin continuum emission, and also the line emission (Gehrz, Hackwell & Jones 1974 , Dachs et al. 1988 Carciofi & Bjorkman 2006) . The continuum excess emission has been carefully characterised in the past, in order to understand its origins and to separate out its contribution to observed optical and IR fluxes (Dachs et al. 1988; Zorec & Briot 1991; Dougherty et al. 1994 ). Fast rotation is specially brought up as one of the main factors behind the formation of the circumstellar discs (Townsend et al. 2004; Cranmer 2005) . Carciofi et al. (2012) have provided evidence that the circumstellar disc of classical Be stars approximates a viscous decretion disc as described by Lee, Osaki & Saio (1991) . Evidence for Keplerian rotation of the disc matter around the B star has been obtained by Meilland et al. (2007) and Oudmaijer et al. (2011) . More recently still, the requirement of a fast-rotating B-type stars has been added to the definition of classical Be star (Rivinius, Carciofi & Martayan 2013) .
In the past, there has been some debate regarding the evolutionary status of classical Be stars (Mermilliod 1982; Slettebak 1985; Fabregat & Torrejón 2000) . More recently the controversy has started to settle. Martayan et al. (2007) found, through studying classical Be stars both in the Milky Way and in the Magel- The spatial distribution on the sky of the studied classical Be stars is plotted on the map of the interstellar dust extinction computed by SFD98. We applied the correction (0.86 × E(B − V)) suggested by Schlafly et al. (2010) to the SFD98 maps, colour coding the levels of extinction that are binned in 0.5 mag steps and cut at E(B − V ) = 7 -with the lightest colour mapping the 0-0.5 mag range. The cyan squares symbols denote the 181 classical Be stars observed with FLWO-1.5m/FAST, while the blue circles represent the 67 classical Be stars observed in La Palma. We note that the minimum SFD98 is measured above the W4 H II bubble (ℓ ≈ 134, b ≈ 2.5), where E(B −V) ∼ 0.3, corresponding to the first reddening bin of the colour-scale. The most obscured regions with E(B −V ) > 7 correspond to the densest areas of the Perseus arm, where ongoing star formation is observed (specially W3/W4/W5 and Cas OB 7).
lanic Clouds, that the evolution of the rotation speeds with age is mass and metallicity dependent. This work concluded that the Be phenomenon, in our Galaxy, appears earlier in the main sequence (MS) life at higher stellar masses (∼ 12 M ⊙ ) and earlier spectral types, while it is delayed in lower mass stars (∼ 5 M ⊙ ), or equivalently, in later B-types, confirming previous observations of classical Be stars in open clusters (Fabregat & Torrejón 2000) . In general, classical Be stars can be viewed as relatively (but not very) young stars that are typically observed in open clusters up to 100 Myr old, with highest incidence in clusters with ages in the range of 13-25 Myr, which are typical of the turn-off age of B2 stars (Fabregat & Torrejón 2000) . On the other hand, observations of Galactic-field bright classical Be stars show a flat distribution across the B subtypes (Zorec & Briot 1997) , which could be explained by the relatively smaller numbers of known old open clusters (e.g. in Dias et al. 2002) and high "infant-mortality" (see e.g. Goodwin & Bastian 2006 ).
In Raddi et al. (2013, hereafter paper I) , we studied a sample of 67 classical Be stars, located within a section of the Galactic plane between 120 • ℓ 140 • and −1 • b +4 • for which intermediate-dispersion optical spectra were available. Our stars were picked out from a larger set of candidate emission line stars selected photometrically from the Isaac Newton Telescope (INT) Photometric Hα Survey of the Northern Galactic Plane (IPHAS, Drew et al. 2005) . In paper I, we investigated whether the dereddened sample could provide any hints of spiral arm structure in this section of the thin disc, but concluded that the errors in the spectroscopic parallaxes wash out any distinction between a smooth or spiral-arm dominated stellar density profile. Nevertheless, the study represented a step change to a sample of classical Be stars that is appreciably fainter, more distant, and more reddened than the previously known classical Be stars in the area. We will return to this point later on comparing the expanded sample presented here with the properties of the classical Be stars in the BeSS database and the early-type emission line stars in the catalogue of Kohoutek & Wehmeyer (1999, KW99 from now on).
In this work, we add a further 181 classical Be stars to the sample analysed in paper I. These stars have also been spectroscopically-confirmed, but with lower-resolution spectra. Our aim here is to present a homogeneous catalogue for all 248 stars, that incorporates photometry from WISE, alongside 2MASS data, and provides a sound estimate of the interstellar extinction towards each of them. The available range of data for the stars in the catalogue is presented in Section 2. The spectral typing for the new classical Be stars is described in Section 3, where we compare the results with those obtained in paper I. In Section 4, we will discuss the measurement of interstellar reddening and we will describe the procedure adopted for removing the circumstellar colour-excess from the observed (r − i) colour. Finally, the discussion in Section 5 focuses on the comparison between the interstellar reddenings measured for the classical Be stars and the total integrated values for their Galactic sightlines, by Schlegel, Finkbeiner & Davis (1998, hereafter SFD98) and Rowles & Froebrich (2009, hereafter RF09) , and we confront our results with the most recent 3D extinction maps of the northern Galactic plane by Sale et al. (2014) .
THE SAMPLE
The classical Be stars in the catalogue are found in the strip of the Galactic plane, contained within 120 • ℓ 140 • and −1 • b +4 • . Their spatial distribution is shown in Fig. 1 , overplotted on the SFD98 extinction map of the area. As we reported in paper I, the follow-up spectroscopy targeted Hα emitters, identified in IPHAS mainly by Witham et al. (2008) . The great majority of our sample falls in the magnitude range 12.5 < r < 16.5 (noting that the IPHAS survey is calibrated in the Vega system). In terms of the optical spectroscopy we have available, the sample falls into two groups:
• 181 objects were identified in the initial follow-up optical spectroscopy, presented in Section 2 of paper I and taken no further. Observations (2008) catalogue of Hα emitters is shown in black (from which most of the classical Be stars sample is drawn) and the classical Be stars from the catalogue of Neiner et al. (2011) in lilac. The black/solid curves sketched in the top panels are the MS and giant-star loci from Rieke & Lebofsky (1985) , while the green-dashed line is the classical T Tauri star locus (Meyer et al. 1997 ) and the black-dashed box is the generously-defined zone in which classical Be stars with A V = 4 would fall (Corradi et al. 2008) . The lower panels present the optical-WISE colour-colour counterparts to those shown in the top panels. The average photometric uncertainties are shown in the bottom-right corner of each plot. The black arrows are the reddening vectors for A V = 1.
using the FAst Spectrograph for the Tillinghast Telescope (FAST) (Fabricant et al. 1998 ) and processed at the Telescope Data Centre of the Smithsonian Astrophysical Observatory. The final spectral resolution is ∆λ ≈ 6Å and the spectral coverage is 3500-7500Å.
Since the principal aim of this initial follow-up was the characterisation of (r − Hα) excess objects identified by IPHAS at r 17, the standards needed for nightly flux calibration were not obtained.
• 67 objects are the sample of confirmed classical Be stars, observed using the INT and Nordic Optical Telescope in La Palma, that were studied in depth in paper I. For 60 of them, FLWO-1.5m/FAST spectra are also available. Details regarding the selection and observation of this sub-sample are given in Sections 2 and 3 of that paper, while their spectral typing is described there in Section 4. The spectral resolution of the La Palma data is 2-3 times Flux Density (mJy) Figure 3 . The 0.6 -5 µm SEDs of three objects in the catalogue. Red squares are used for # 174 that we rule out as classical Be star, because its SED suggests the presence of warm dust. For this object we plot the WISE W3 and W4 fluxes, which were also available. The other two SEDs shown are for two typical classical Be stars in our sample, i.e. # 44, and # 184.
higher than that delivered by the FAST instrument, and sufficient flux standards were observed to permit relative spectrophotometry. These stars can now provide some checks on the inferences drawn from the larger FLWO-1.5m/FAST-only sample.
The criteria satisfied by all stars in the spectroscopic sample we present are: (i) the spectrum has a B-type spectral appearance with the low-order Balmer lines in emission -Hα-emission is necessary for identification -and no clearly visible forbidden emission lines (Porter & Rivinius 2003; Rivinius et al. 2013) ; (ii) the near-IR colours are consistent with those of classical Be stars; (iii) (J − H) 0.6 (see e.g. Corradi et al. 2008 , and top right panel of Fig. 2 ).
To better confirm the classical Be nature of the stars in our sample, we now complement the IPHAS and near-IR photometry from the Two-Micron All-Sky Survey (2MASS, Skrutskie et al. 2006) , with W 1 (3.4 µm) and W 2 (4.6 µm) data from the Wide-field IR Survey Explorer (WISE, Wright et al. 2010) . The combination of optical and near-IR colours, plotted against (W 1 −W 2) colours from WISE, can reveal the presence of a warm dust shell that would imply the object is more likely to be a young Herbig Be star. The circumstellar contribution to the near-and mid-IR spectral energy distribution (SED) of a classical Be star is very small in comparison to that seen in dust-enshrouded Herbig and other more exotic Be stars (Gehrz et al. 1974; Dachs et al. 1988; Waters et al. 1991; Lada & Adams 1992) . One would expect the stars in our sample to be stretched over a relatively limited portion of the colour-colour diagrams of Fig. 2 , chiefly due to the effect of interstellar reddening. That is, their locus should roughly parallel the reddening vector -which they do, in both panels of Fig. 2 . The expectation regarding the SEDs of classical Be stars is that they do not present the double-peaked appearance or the flat/rising profile through the 1-5 µm range, that is typical of young stellar objects (YSOs).
It turns out that the added WISE photometry mainly confirms the results of the classification via a combination of visual inspection of optical spectra and 2MASS photometric criteria employed in paper I. Just one object, star # 174 (# 45 in paper I) is excluded on the basis of its W 1 and W 2 magnitudes. This object is more likely to be a Herbig Be star approaching the zero-age MS: its (W 1 −W 2) colour is very extreme, placing it in the top right corner of the upper-right panel of Fig 2. For comparison, we plot in Fig. 3 the SED of star # 174 together with the SEDs of two more typical classical Be stars in our catalogue. While the SEDs of the two classical Be stars do not present a marked circumstellar colour-excess out to ∼ 5 µm, the SED of # 174 rises strongly through the WISE bands indicating the presence of warm dust. In addition, a few objects are found to have (W 1 −W 2) < 0, which does not make physical sense even for early-type stars. Although in most cases their colours are consistent with zero (to within 3 times the quoted errors), the WISE team note a tendency to overestimate the background subtraction and, as a result, underestimate the magnitudes when W 1 > 14 and W 2 > 13.5. This is plausibly the source of difficulty for objects # 127, 135, and 229 that show the largest negative values.
Finally, we also identify 6 objects in common with Koenig et al. (2008) (# 212, 222, 223, 225, 230 , and 234 in Table 1). The authors used Spitzer near-and mid-IR photometry to classify the YSOs belonging to the star forming region W5. Their classification is determined from the slope of the SEDs in the 1.25-24 µm range, after correcting for foreground extinction via the use of 2MASS-generated extinction maps (Gutermuth et al. 2005 , and references therein). Sources # 222, 230, and 234 are labelled as class III, i.e. objects that are dominated even at IR wavelengths by photospheric emission. This is consistent with the classical Bestar definition. On the other hand, # 212, 223, and 225 are labelled as class II YSOs, which means the emission from the circumstellar disc in the IR dominates over the photospheric emission, as seen in T Tauri stars or Herbig Ae/Be stars with optically thick discs. We question this classification, noting that the colours of these objects in the Spitzer colour-colour diagrams of fig. 5 and 6 in Koenig et al. (2008) overlap with objects that the authors identify as transitiondisc and class III. They do not stand out in Fig. 2 . Our sample also includes one star (# 217) that falls within the area surveyed by Koenig et al. (2008) that does not find a match with their sources. This object is reported to vary in the WISE source catalogue and, indeed, the listed W 1 and W 2 fluxes are at odds with both 2MASS and IPHAS photometric data, in being much brighter than extrapolation would suggest. Neither 2MASS nor WISE images show evidence for nearby blended sources.
In Table A1 , we report the photometry for all the 248 stars in the sample. Star # 174 is included in this list, but it will be excluded from further analysis. Unless otherwise noted, the r, i, and Hα magnitudes given here take advantage of the most recent IPHAS release (DR2, Barentsen et al. 2014) . We also indicate whether a star in the catalogue has a La Palma spectrum, a FLWO-1.5m/FAST spectrum, or both.
Completeness and a comparison with previous catalogues
The selection and identification of classical Be stars from IPHAS photometry, is limited mainly by the combination of interstellar reddening and the strength of Hα emission. In other words the likelihood of inclusion in the sample can be defined with reference to (r − i) colour (dominantly a measure of extinction for B stars), and (r − Hα) excess (which is proportional to emission equivalent width EW (Hα)). From the IPHAS colour-colour plane plotted in Fig. 4 , it can be estimated that the sample is reasonably complete down to EW (Hα) −15Å over the colour excess range, 0.5 E(B − V ) 1.5. Note, however, that objects with weaker line emission can be selected in the lower half of the reddening range -as long as they remain fainter than r ∼ 12 (the saturation limit of IPHAS). Indeed the bright limit potentially cuts out some modestly reddened B0-B1 classical Be stars. In principle, classi- Table 1 . Classical Be stars with matching entries within a 5-arcsec search radius in Koenig et al. (2008) . Ours and their ID number (recno) are given for each, along with IPHAS r and Spitzer magnitudes and YSO class according to Koenig et al. (2008 (see table 2 in Drew et al. 2005) . The lower dashed curve is the early-A reddening curve, while the dot-dashed curves are lines of constant Hα emission (corresponding equivalent widths are indicated on the left-hand-side of the plot). The vertical curves are the curves of growth of Hα emission for the Rayleigh-Jeans case (blue, F λ ∼ λ −4 ) and an A0V SED (green, F λ ∼ λ −3 ). The thick black line, for an equivalent width of EW (Hα) = −15Å represents the completeness limit for E(B − V ) = 1. On the bottom right side of the figure, the mean colour uncertainties are indicate. For reference, we also overplot the expected domain for classical Be stars with A V = 4 (Corradi et al. 2008) , as a black-dashed box.
cal Be stars more reddened than E(B −V ) ∼ 1.5 can be picked out if they present with correspondingly stronger Hα emission, lifting (r − Hα) above the main locus of late-type MS stars. There are no such candidates in the present magnitude-limited sample.
Comparing our sample with previously known classical Be stars gives some insight into the photometric selection and how the bright and faint magnitude limits (r ≈ 17) affect the outcome. In the area there are 64 known classical Be stars listed in the BeSS database, plus 148 Hα emitters in the KW99 catalogue, with spectral types and near-IR colours that match our classical Be star definition. These two databases have in common 45 objects, while the overlap with our sample is only 13 objects cross-matching within 5-arcsec (in Table 2 ). The matches generally have V magnitudes within a few tenths of the IPHAS2 r magnitudes, as should occur if they refer to the same object. Also these stars are all sufficiently isolated in the IPHAS images, relative to other similarly bright stars, that we can have confidence in the cross-identification.
This modest overlap mainly reflects the magnitude ranges sampled, as is evident from the distributions plotted in Fig.5 . The stars in our new catalogue are on average 2-3 magnitudes fainter Table 2 . Classical Be stars with matching entries within 5-arcsec in the KW99 and BeSS catalogues. Their visual magnitudes and spectral types (from KW99) and angular separation are supplied along with the ID name and coordinates. The IPHAS2 r magnitudes, calibrated in the Vega system, are brought forward from the full photometry list, Table A1 . 
SPECTRAL TYPING OF THE FLWO-1.5m/FAST SAMPLE
Compared to the classification of the La Palma spectra reported in paper I, classification based only on FLWO-1.5m/FAST spectra is more challenging, due to the generally lower S/N ratio -with a median of S/N = 28, at λ4500Å -and lower spectral resolution. However, for the purpose of determining interstellar reddenings from IPHAS (r − i) colours, even a coarser spectral type assignment, as opposed to the precision of 1-2 sub-types reached in paper I, is still acceptable, due to the weak dependence of intrinsic (r − i) colours on spectral type among B-type stars (see also Section 4).
Here, we will estimate spectral types relying on the most easily detected blue spectral features -the He I (λ4471Å) and Mg II (λ4481Å) lines -alongside the higher Balmer series.
We stressed in paper I the value of measuring the ratio of equivalent widths, log (W λ4471 /W λ4481 ), as it is well established as a guide to effective temperature. We also showed before that the reliability of the measure is strongly dependent on the S/N ratio measured in the proximity of the He I and Mg II transitions, finding in particular that for spectra with S/N lower than ∼ 25 there is a marked increase in the spectral typing error, and that at S/N ∼ 10 almost no constraint is possible. This evaluation was based on measuring line ratios from model atmospheres (Munari et al. 2005) many times, to which controlled amounts of random noise had been added. For S/N 25 the distribution of measured line ratios from model atmospheres was found to be sufficiently narrow to allow a spectral-type determination within 1-2 subtypes.
Our approach to typing here has to be effective on less optimal data. Where we can, we assign a trial spectral type from measurement of the log (W λ4471 /W λ4481 ) ratio, and otherwise appraise types by means of comparisons with model spectra (Munari et al. 2005) . The spectral classification of the classical Be stars arising from both FLWO-1.5m/FAST spectra and the La Palma data presented in paper I have been compared, to check for overall consistency of outcome: this confirms that typing to within 1-2 subtypes starts failing at S/N ∼ 25 (we return to this at the end of this section). Hence we have split the FLWO-1.5m/FAST sample into two, according to S/N ratio: (i) for spectra with S/N 25, we use log (W λ4471 /W λ4481 ), as an effective temperature proxy, and then check via comparison with model atmospheres; (ii) for the spectra with S/N < 25 and some better-exposed cases where method (i) gives uncertain solutions, we are restricted to assessing the best spectral type via a simple χ 2 minimisation, using resolutiondegraded Munari et al. (2005) model atmospheres. To facilitate (ii), both the observed spectrum and the models are normalised to unity over the spectral range λλ 3800 − 5000Å. In Fig. 6 , three examples with decreasing S/N ratio at λ 4500Å are given. The agreement is convincing for the spectra shown in the top two panels while the classification of the least well-exposed example is clearly much more uncertain.
We have found that spectral types assigned with method (i) rarely needed a sub-type shift of more than a 1-2 sub-types, in order to better satisfy a visual comparison with model spectra. Where a star has been observed at higher resolution from La Palma, we continue to use the La Palma spectral typing for the purpose of estimating reddenings in Section 4. We also note that 3 stars (# 73, 74, 76) of the 181 stars with FLWO-1.5m/FAST spectra were already classified by Mathew & Subramaniam (2011) as B2V, B5-7V, and B5V, to be compared with our B2, B4, and B3 spectral types (these three stars are also found in KW99 and in the BeSS catalogue, e.g. cf Table 2 ). On the other hand, for the spectra with S/N < 25 that were classified with method (ii), the grid of Munari et al. (2005) models that we used is limited to log g = 4, rotational velocity of 250 km/s (typically observed in Be stars, Chauville et al. 2001) , and T eff = 9000-30000 K, which we map onto spectral types using the Kenyon & Hartmann (1995) scale. In the minimisation procedure, we masked out the Hβ, and Hγ spectral regions that can be more strongly affected by emission/infilling, along with the spectral region between λλ 4400-4500Å that includes the diffuse interstellar band at λ 4428Å (often strong in our spectra, whilst absent from the model atmospheres). Including the Balmer jump helps the spectraltype determination, since the jump itself carries a T eff dependence. Since the final output of the χ 2 minimisation does not allow a typing better than 3-subtypes on average, we classified the stars put through method (ii) as one of Early-B (B0 to B3), Mid-B (B4 to B6), or Late-B (B7 to A0), according to the range in which the measured minimum χ 2 falls. In cases where the FLWO 1.5m/FAST spectra are relatively underexposed (S/N ∼ 10), they are classified even more loosely as "continuum+Balmer line emission" The spectral types assigned to the FLWO-1.5m/FAST spectra and the S/N ratio at λ 4500Å are given in Table B1 along with the spectral types and S/N ratio measured for the La Palma spectra in paper I.
The comparison between the spectral types that are determined with method (ii) and more precisely from paper I La Palma spectra is shown in Fig. 7 . This offers a useful insight into the dataset. The FLWO-1.5m/FAST classifications are broadly consistent, with the expected large scatter and perhaps a slight tendency to shift to later type. Interestingly, the spectra classified as "continuum+Balmer line emission" are revealed by the superior La Palma data to be overwhelmingly early and mid B sub-type -a finding that may fit with their being more distant, more highly-reddened (tougher to observe) objects.
To conclude, we display the spectral type distribution of the 247 classical Be stars in Fig. 8 , arranging them as Early-B, Mid-B, and Late-B types. The distribution is fairly even between types, with the Early-B group being less populous than the other two, accounting for around a quarter of the sample. This modest favouring of later types stands in interesting contrast with the distribution by type present in the BeSS catalogue in which around half of the objects are B3 or earlier (Neiner et al. 2011 ). This may originate in small part from the spectral-typing bias we find affecting the FLWO-1.5m/FAST spectra (Fig. 7) . However it is also true that previous studies on Be stars have focused on brighter, magnitudelimited samples, compared to our search that reaches to fainter magnitudes and takes the surveyed volume more closely to the limits of the Galactic disc (see Section 5). Furthermore, it is worth noting that the impact of interstellar extinction on our method of selection should be to favour earlier-type classical Be stars with stronger Hα emission. The fact that now the earlier-type classical Be stars are a minority group hints that few B0-B3 stars remain to be discovered at fainter magnitudes.
INTERSTELLAR REDDENING
In paper I, we adopted a spectroscopic method for measuring the (B − V ) colour excesses of 67 classical Be stars, from well fluxcalibrated spectra. As part of the confirmation that these stars are classical Be stars, we also determined the (B −V ) colour excesses indirectly by using IPHAS r, i, Hα photometry. The expectation that colour excesses inferred from IPHAS photometry were larger than the direct blue/visual SED-fitting was confirmed -indicating the SED-reddening presence of circumstellar emission, usually interpreted as evidence for discs around these stars. Paper I adapted existing methodologies for the correction of the measurements for the effects of the characteristic superposed disc emission. Here we compute colour excesses for the entire FLWO-1.5m/FAST sample using the photometric approach, because the spectra do not offer a reliable flux calibration.
The excess in the (r − i) colour can be written as:
The intrinsic-colour scale we adopt is the same we used in paper I. Because the red-optical SED of B-type stars tends towards the Rayleigh-Jeans limit of the Planck function, the intrinsic colour (r − i) • is not very sensitive to effective temperature: across the complete B0 to A0 range, it changes from −0.17 to 0.0. This implies that even if spectral types determined from FLWO-1.5m/FAST spectra are more uncertain than those derived from better-resolved La Palma spectra, the intrinsic colour we assign to any one star will typically carry uncertainty of ±0.05. The measured colour excess, E(r − i), of Eq. 1, includes a circumstellar contribution, E cs (r − i), along with the dominant interstellar component, E is (r − i):
as is true also of the (B −V ) colour excess (e.g. Dachs et al. 1988 ; Table 3 . Circumstellar colour excess E is (r − i), estimated for a given spectral type and disc contribution to the total flux. Kaiser 1989) . The disc emission at red wavelengths produces a contribution to the colour excess that is larger than the disc emission in the (B − V ) colour we corrected for in paper I. In order to estimate the E cs (r − i), we use the grid of recombination continua that was modelled in paper I, to represent the disc emission. The grid of models has been generated for 10 different spectral types, with the electron temperatures in the circumstellar disc scaling to the stellar effective temperature according to T e = 0.6 × T eff (as is typically observed in both hot-star winds and classical Be star discs, Drew 1989; Carciofi & Bjorkman 2006) , and for finely spaced (0.01 dex) disc fractions f D . The latter quantity specifies the ratio between the disc flux and the total flux emitted by the star and disc together at λ 5500Å. The circumstellar continuum excess, in (r − i), is defined as:
The theoretical values for different combinations of T e and f D are determined by convolving the IPHAS filters' profiles with both the star+disc and star-only models. To model the stellar photospheres we chose the most appropriate models from the Munari et al. (2005) library. A sample of theoretical estimates is given in Table 3 as a function of the spectral type, or T eff , and f D .
As in paper I, we estimate the appropriate circumstellar colour excesses for each star by linking the disc fraction to the EW (Hα), by means of the empirical equation:
first proposed by Dachs et al. (1988) . The scatter associated with Eq. 4 is about ∼ 0.02 dex. To maintain contemporaneity between the measures of E(r − i) and f D , we estimated EW (Hα) by interpolating the IPHAS colours between the theoretical curves of growth that were plotted in Fig. 4 and computed in Drew et al. (2005) . In Table B1 , we give all the derived and measured quantities used in obtaining the estimates of E cs (r − i) and E is (r − i) via Eq. 1-4. Since interstellar reddenings are generally expressed as the colour excess in the (B − V ) colour, we compute it using the following transformation:
where 0.65 is the monochromatic conversion-factor 2 , computed from the Fitzpatrick (1999) R V = 3.1 reddening law. The errors on E is (B − V ) are typically in the range of 0.05-0.1 mag. They combine the IPHAS photometric uncertainty, an uncertainty on spectral type, the astrophysical spread of intrinsic colours for MS stars 2 The conversion factor is 5 per cent smaller than the band-averaged value of 0.69 that we used in paper I.
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The difference between the two estimates of interstellar reddenings, for the 63 classical Be stars with La Palma spectra, are plotted against the E is (B − V ) S determined via SED fitting to the blue spectral region (paper I). The equality line is also shown. The mean difference is found to be ∼ −0.04 ± 0.01. (Houk et al. 1997) , and the uncertainty arising from the estimate of disc fraction. For 63 of the 67 classical Be stars that were observed in La Palma, the interstellar reddenings derived in the first place via the SED fitting procedure of paper I are compared to the photometric procedure described here, in Fig. 9 . From the comparison, we notice a systematic negative difference: the mean offset being ∆E is (B −V ) = −0.04 ± 0.01, with a sample standard deviation of 0.1 mag. This is just significant at the 3σ level, and it may connect to the impression noted in Section 2 that the spectral type estimates based on FLWO-1.5m/FAST data are inclined to be later than those based on La Palma spectra. Nevertheless the bias is not large and we will recall it in Section 5, when appropriate. The level of scatter apparent is a little high relative to the individual errors on E(B −V ) and may in part be due to the application of a single reddening law.
The distribution of derived E is (B−V ) is shown in Fig. 10 . The overall mean colour excess is 0.86 mag, with a sample dispersion of 0.23 mag. We first note that the median (B−V ) colour excess, measured for the group of Early-B stars, is found at 0.98 mags that is larger than the median values of E is (B −V ) = 0.83, 0.78 obtained for the Mid-B and Late-B groups. This difference is not surprising, as the intrinsically brighter group of stars can be detected behind a larger column of dust. We also note that the stars observed in La Palma are on average more reddened and therefore fainter (median E is (B − V ) = 1, and r = 14.7) than the FLWO-1.5m/FAST objects, for which the distribution medians are E is (B − V ) = 0.81 and r = 14. This difference arising from the larger aperture offered by the INT with respect to the FLWO-1.5m. The median contribution to the (r − i) colour excess due to the circumstellar disc is 0.11 mag, reflecting a median disc fraction, f D , of 0.07. In the top panels, objects are sorted by spectral-type groups, while the bottom panel shows the combined distribution. The overall mean is found at E is (B − V ) = 0.86 ± 0.23, and the dashed lines mark the median of each distribution.
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INFERENCES ON THE SPATIAL DISTRIBUTION OF THE CLASSICAL BE STARS SAMPLE FROM INTERSTELLAR EXTINCTION
Armed with approximate spectral types, we have derived interstellar colour excesses across the sample to a median precision of ∆E(B − V ) = 0.08, after making the necessary correction for circumstellar emission. This typical uncertainty is in the region of 10 per cent of the typical reddening towards these stars. It allows more than enough precision to make a broad comparison with existing measures of integrated extinction in the area in order to gain a first impression of how the population of classical Be stars is distributed. To achieve this, we turn to comparisons with three comprehensive studies of the pattern of Galactic-Plane extinction -namely, SFD98, RF09, and Sale et al. (2014) .
To begin with, we recall some constraints from studies of open clusters. The lowest classical Be star reddenings obtained here are compatible with less obscured parts of the Perseus Arm, such as the sightline to the open cluster NGC 637 with E(B − V ) ∼ 0.6 (Maciejewski & Niedzielski 2007) . The average colour excesses resemble those measured for more prominent clusters in the Perseus Arm, such as E(B − V ) ≃ 0.8 mag for both IC 1805 (Massey, Johnson & Degioia-Eastwood 1995) and NGC 663 (Pandey et al. 2005 ). If we consider all the open clusters in the Dias et al. (2002) catalogue seen in this part of the Galactic Plane, we find that clusters in the range of distances that is regarded as typical of the Perseus Arm (i.e. 2-3 kpc Russeil, Adami & Georgelin 2007; Vallée 2014) are also reddened on average by 0.8 mags, although the full range runs from 0.3 up to 1.2. The high-end extinctions tend to be associated with IRidentified clusters. Clusters listed by Dias et al. (2002) at greater distances have colour excesses only a little larger, spanning 0.5 up to 1.3 mag. In view of this it is reasonable to anticipate that the great majority of classical Be stars identified here are at least as distant as the Perseus Arm, and some may be appreciably more distant still.
The left panel of Fig. 11 illustrates the binned distribution of reddenings per Galactic latitude range. The stars have been grouped into strips 0.5 deg wide in Galactic latitude and the median and standard deviation of the reddenings obtained within each is shown. We also plot the median values within these same strips of the total Galactic reddening obtained from SFD98 and that inferred by RF09 from median 2MASS near-IR colour excesses, along the same sets of sightlines. The SFD98 results have been adjusted using the finding of Schlafly et al. (2010) that they should be scaled down by multiplying by a factor of 0.86. In the left panel of Fig. 11 it can be seen that there is only a ∼ 0.25 mag difference between the maxi-mum classical Be star median reddening, obtained between b = 0 • -0.5 • , and the minimum measured in the b = 2.5 • -3 • strip. It was noted above that the overall sample mean is E is (B −V ) = 0.86. The variation is within the 1-σ dispersion present in each latitude strip, indicating no strong overall trend.
It is striking, however, that the colour excesses obtained from RF09 are systematically ∼0.5 mag lower than the ones we measure for the classical Be stars. Even at the level of comparison between the individual objects in our catalogue and the RF09 data, there are only 3 for which the latter supplies a higher reddening. The discrepancy calculated on an object-by-object basis is 0.45 ± 0.01 mag with a dispersion of 0.2 mag. In contrast, the distribution of corrected SFD98 colour excesses overlaps or exceeds the general run of our classical Be-star measures. The latter result is expected for the reason that the SFD98 maps measure the asymptotic reddening along a given sightline -the maximum colour excess expected for a star behind the Galactic dust column.
Given that E(B − V ) to the least obscured Perseus Arm open clusters is only infrequently as low as 0.4 mag (Dias et al. 2002) , it would seem that the extinction measured with the method of RF09 is limited to sampling the column of dust between the Sun and the Perseus Arm -a half or less of the likely total Galactic column. This is in part attributable to the reliance on median near-IR extinction, and may also be a consequence of the relatively bright magnitude limits of the 2MASS survey. Unfortunately the UKIDSS surveys do not reach to this part of the Galactic plane, so it cannot be established whether the RF09 method would be sensitive to more of the column if it were applied to deeper near-IR data. The main point for now is that, despite its excellent angular resolution (2-3 arcmin), the map due to RF09 does not provide a useful comparison with our catalogue of classical Be stars.
In the right panel of Fig. 11 we plot the number distribution of classical Be stars per latitude bin, distinguishing the stars belonging to different spectral type groups. First, we notice that the stars in the catalogue are more concentrated between b = 0 • -3 • . Each bin includes a range of spectral types that in turn will be characterised by different extinction and distance ranges (given the common magnitude bounds used in selection, see figure 10 ). The overall latitude distribution crudely follows a broad Gaussian peaking near b ≃ +1.5 • , such that there is a difference of 21 stars between the most and the least populous bins. In detail, smaller number counts are observed between b = 0.5 • -1 • and between b = 1.5 • -2 • , due to the masking effect of the larger dust columns located near W4/W5 and Cas OB 7. The Early-B type classical Be stars seem to favour the b = 0 • -2.5 • range, as one would expect for an intrinsicallybrighter population able to trace the warp: Freudenreich et al 2004 showed this to lie in the 1 b 2 latitude range at these longitudes (in HI and dust emission). The less-luminous later spectral types, at shorter distances, show a flatter distribution.
To permit a more detailed comparison between our measured reddenings and the corrected SFD98 values, we plot the difference between them against the SFD98 values on a star-by-star basis in the upper-left panel of Fig. 12 . The outcome is not qualitatively different from the results for the smaller sample presented by paper I, although there are now more stars that are observed with reddenings significantly exceeding [E(B −V ) SFD98 × 0.86]. Paper I found two stars (#164 and 167 here) located well above the equality line -here, these are joined by 10 more stars (i.e. # 161, 162, 166, 182, 184, 221, 225 , and 232). These stars are the most extreme with Fig. 12 . The most likely origin of this problem is the coarser angular resolution of the dust-temperature data (∼ 1 deg) used by SFD98 to infer the dust column from far-infrared emissivity data (∼ 6 arcmin angular resolution): in the vicinity of dust warmed by strong H II region emission in the Galactic Plane, this results in underestimation of the dust column (see Schlafly et al. 2010, and Sale et al. (2014) ). If we count the number of stars with reddenings that are the same or larger than the SFD98 measure, less our typical 0.1 mag uncertainty, ∼ 37 per cent (91 stars) seem to be lying at or beyond the limits of the dust disc. We measure the median of the distribution of differences to be −0.2 mag, with a standard deviation of 0.35 mags.
We now turn to the IPHAS-based extinction map of Sale et al (2014) , based on r, i and Hα data on stars of spectral type earlier than K, to see if this particular limitation of SFD98 at low galactic latitudes can be overcome. In the lower-left panel of Fig. 12 , the measured reddening of each star is plotted against the reddening obtained at the 90th percentile of the distance distribution derived from the nearest-neighbour extinction-distance relationships of Sale et al. (2014, see fig. 3 ). The result is tidier in that the lowest estimated total colour excesses have disappeared and fewer classical Be star reddenings lie far above the equality line. The angular resolution of this map in our sky area is mostly 10 or 15 arcmin, rising to 30 arcmin in the vicinity of the dark clouds, W3 and W5 (where there are not so many selected stars).
The fractal nature of the ISM imposes a differential extinction (cf. fig. 6 in Sale et al. 2014 ) of up to 25 per cent in the most distant bins reached by the map (expressed as a standard deviation, and shown as the shaded area in the bottom left panel of Fig. 12 ). From inspection, we can identify 166 objects (i.e. 67 per cent of the sample) with reddenings that fall within the shaded area, that may be regarded as consistent with the reddenings at the 90th percentile of the distance in the extinction-distance relationships of Sale et al. (2014) . This sets a generous upper limit on the fraction of the classical Be stars sample likely to lie beyond most of the dust column -to be compared with 37 per cent, deduced from the SFD98 comparison. We also notice that the binned distribution of differences between the reddenings we measure and the colour excess derived from the 3D extinction map peaks at −0.14 mag (lower-right panel in Fig. 12 ) and its standard deviation is just 0.23 mags. We recall that our photometric method is inclined toward slight under-rather than over-estimation of classical Be-star interstellar colour excess (see Fig. 9 ).
However, there is a modest systematic offset between the maximum extinction estimates of SFD98 and Sale et al. (2014) . For the sightlines relevant here, the median difference between the two measures is 7 percent, in the sense that the scaled SFD98 results are 1.07 times the Sale et al. (2014) values. The most obvious expression of this difference in Fig. 12 is the longer tail of objects toward higher colour excess in the upper left panel presenting the SFD98 comparison that is absent from the Sale et al. (2014) comparison. If we attempt a simple correction for this offset by multiplying the Sale et al. (2014) maximum reddenings by 1.07, before considering again how many classical Be stars have reddenings compatible with the Galactic maximum, we find the fraction of the classical Be stars sample that may be located beyond the Galactic disc dust column drops from 67 per cent to 58 per cent.
Of the three estimates (37, 58, and 67 per cent) of the fraction of the sample of classical Be stars lying behind most or all the dust column, we favour the first two. In rough terms there is a case to argue that about half of the sample fits this description.
The seeming downward trend in the data in the left panels of Fig. 12 has its origins in the magnitude limits imposed on the present sample of classical Be stars. It can be seen that at small on the left, the same comparison with respect to the colour excess measured at the 90th percentile of the distance distribution from the 3D extinction-distance map of Sale et al. (2014) . The shaded area roughly traces the scatter caused by differential extinction (cf. fig. 2 and 6 in Sale et al. 2014 ). On the right, the difference between the x-and y-axis is collapsed into histogram bars, with the median of the distribution at −0.14 mag as traced by the vertical dashed line.
asymptotic E(B − V ) the observed points cluster more tightly to the equality line than at larger asymptotic E(B −V ): only classical Be stars brighter than r ∼ 13 th could be less reddened. In contrast, along the most reddened sightlines, nearer classical Be stars are picked up that present colour excesses falling progressively further below the estimate of the asymptotic limit. This is the faint magnitude limit, at ∼ 16 th magnitude, expressing itself. But in both distributions, it is noteworthy that up to a (B −V ) colour excess of 1.4 mags, there are classical Be stars with reddenings clearly compatible with these measures of maximum reddening. We deduce from this that, along sightlines where the total Galactic colour excess is less than 1.4 mags, the classical Be stars sample is either weakly or not at all extinction-limited.
In principle, we can use the Sale et al. (2014) 3D extinctiondistance relations to provide a guide to where the dust layer runs out. The reader is referred to the data available on the IPHAS survey website (www.iphas.org) to investigate any sightline of interest across this region. Nevertheless, it is not recommended to use these data to estimate distances to individual classical Be stars -the uncertainties presently involved are too large to make this worthwhile. Instead, a very simple example of spectroscopic parallax illustrates the point clearly that typical distances to them will be large, reaching beyond the Perseus Arm at 2-3 kpc: specifically, a Mid-B star (M r < −0.5, paper I) of median brightness in the sample (r ≃ 14.5), experiencing a median extinction of A r ∼ 2.2, cannot lie at a shorter distance than 3.6 kpc. The faintest most reddened stars of the sample will lie at distances exceeding 6 kpc. If there is the coherent structure at these longer distances, such as the Outer Arm, then it is possible that a significant portion of the newly-identified classical Be stars, lying behind all or most of the Galactic dust column, are associated with it.
A similar conclusion was reached in paper I based on the smaller sample benefitting from higher quality spectroscopy. Indeed there it was argued that 10-15 stars in the smaller sample of 66 objects may even lie outside the Galactocentric radius of 13 kpc (or heliocentric distances larger than 7 kpc), where the Galactic stellar density gradient is expected to be steepening (Ruphy et al. 1996; Sale et al. 2010) . Without question, this catalogue of classical Be stars adds many candidates to the handful of O stars proposed by other authors as belonging to the Outer Arm (e.g. Negueruela & Marco 2003) .
SUMMARY AND CONCLUDING REMARKS
We have presented an expanded catalogue of 247 classical Be stars, drawn from a 5 × 20 deg 2 section of the Galactic Plane including the Perseus Arm and its much-studied W3-5 star-forming clouds. .5 < r < 18 (red dots) and r 18 (black dots) are plotted on the map of the interstellar dust extinction computed by SFD98, corrected accordingly to Schlafly et al. (2010) . The extinction map is binned in 1.4 mag steps, colour coded, and cut at E(B −V ) = 7. Comparing the two panels, we notice the higher order of clustering towards areas of higher extinction for the faintest stars from Witham et al. (2008) , while fewer remain unexplored and unclassified in areas where the maximum colour excess is below 1.4 mags. In fact, we have found that our sample of classical Be stars seem not to be significantly limited by total colour excesses of up to this limit. The remaining scattered candidate emission line stars down to r = 18 in these locations may prove to be later-type classical Be stars.
Close to three quarters of the included stars are newly identified, with most of the rest taken from the more detailed study by paper I. Our list also includes: 3 stars (# 73, 74, and 76) that were already recognised via spectroscopy as classical Be stars in the open cluster NGC 663 (see e.g. Mathew & Subramaniam 2011); 11 objects that had already been designated as Hα emitters from objective prism spectroscopy (Kohoutek & Wehmeyer 1999) ; 6 stars that were classified as either class II or class III SEDs by Koenig et al. (2008) , according to their near-and mid-IR colours. This work moves the magnitude limit down to r ≃ 16 from 12-13 in the BeSS catalogue (Neiner et al. 2011 ).
We can already conclude that the number of classical Be stars still awaiting discovery at fainter optical magnitudes in this part of the Galactic Plane is not large. This is shown by Fig. 13 in which the spatial distributions of candidate emission line stars brighter and fainter than r = 16.5 (the latter being drawn from Witham et al. (2008) ) are compared. The character of the faint distribution is very different from that of the bright distribution: at brighter magnitudes, the confirmed classical Be stars are distributed in a loose unclustered fashion, while the faintest candidate emission line stars (r > 18) are evidently much more clustered around the star-forming regions associated with high extinction. These objects will mainly be T Tauri and Herbig Ae/Be stars -leaving just a few tens of objects scattered across the general field as the more probable more mature classical Be stars in the magnitude range 16.5 < r < 18. The job is largely done, and our enlarged list of classical Be stars -set out in the Appendices 3 -represents a significant step towards a full census of the fainter classical Be stars in this part of the Galactic Plane. It is likely that the undiscovered objects will be preferentially later type classical Be stars.
We have determined spectral types with an uncertainty ranging between 1 to 3 subtypes, depending on the S/N of the spectra available. In contrast to brighter samples, we find that later-type classical Be stars are at least as well represented as the earlier subtypes. Even with only approximate spectral sub-types, we compute reddenings that are on average good to 10 per cent. The photometric method needed to compute the corrected colour excesses, E is (B −V ), from r, i and Hα IPHAS data only, has been shown to produce satisfactory results when compared to alternate determinations using blue data, that suffer less contamination by circumstellar disc emission.
We estimate that perhaps half of the sample, as shown by comparison with the corrected map of Schlegel et al. (1998) and the new map due to Sale et al. (2014) , is compatible with heliocentric distances of 4-5 kpc or more.
The major remaining challenge is to pin down the distances to these usefully luminous objects. For this we look to the future, and the eventual release of Gaia parallaxes that will enable our catalogue of classical Be stars to be mapped out across the outer Galactic Plane. From the pre-launch performance data pre-sented by de Bruijne (2012), the end-of-mission parallax precision for 14 < r < 16 is expected to be in the region of 20-30 µas, or a relative error of ∼ 10 per cent at distances of ∼5 kpc. This will be sufficient to grasp at last how the outer Galactic disc is organised.
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The research leading to these results has received funding from the European Research Council under the European Union's Seventh Framework Programme (FP/2007 (FP/ -2013 Table A1 . Optical, near-IR and mid-IR photometry of the classical Be stars in the catalogue. The columns list: the star ID number; name based on the IPHAS coordinates; Galactic coordinates (ℓ, b); IPHAS r magnitudes and (r − i) and (r − Hα) colours; 2MASS J magnitudes and (J − H) and (H − K) colours; WISE W 1 magnitudes and W 1 − W 2, i − W 1, and J − W 2 colours. The tick symbols in the last two columns indicate if the object has a La Palma spectrum and/or a FLWO-1.5m/FAST spectrum. Typical uncertainties in IPHAS magnitudes and colours are 0.02 and 0.03 mag respectively. Barentsen et al. (2014) . Their photometry is to be considered accurate at the level of ∼ 10 per cent. Barentsen et al. (2014) . Their photometry is to be considered accurate at the level of ∼ 10 per cent.
c RAS, MNRAS 000, 1-14 Barentsen et al. (2014) . Their photometry is to be considered accurate at the level of ∼ 10 per cent. **: This object is no more classified as a classical Be star but rather like a Herbig Be star. Table B1 . Stellar parameters of the 247 classical Be stars. The columns list: ID number; spectral types and S/N measured at λ4500Å; (r − i) colours corrected to zero Hα emission; intrinsic (r − i) colours; colour excess; photometry EW (Hα) (typical uncertainties are in the range of 20 per cent); disc fraction; circumstellar colour excess; interstellar reddenings in the (r − i) and (B − V) colours; interstellar reddenings from paper I; total Galactic reddenings from SFD98 and RF09; maximum reddenings from the Sale et al. (2014) extinction-distance maps. The reddenings from SFD98 are multiplied by a correction factor of 0.86, as suggested by (Schlafly et al. 2010) . The objects labelled with a "*" carry a larger photometric uncertainty, because their photometry does not meet the quality controls of DR2 (cf. Table A1 and Barentsen et al. 2014) . Table B1 -continued 
